INTRODUCTION
Preferred crystal orientations (crystallographic "texture") are usually determined using X-ray or neutron diffraction methods. Hereby integration is performed over a large sample volume and hence over a large number of grains. These procedures are adequate for most applications, since texture determination is intended to get statistical information on the macroscopic behaviour or the previous history of the bulk material (Bunge, 1969) . There are, however, some applications where the knowledge of local texture of areas smaller than 100 #m diameter or even the orientations of individual grains are required, e.g. for a detailed understanding of deformation, recrystallization and grain growth. In selected-area diffraction mode (SAD) of the transmission electron microscope (TEM) the specimen is illuminated with a parallel beam of electrons, and an area of interest is selected from the enlarged image, with the help of a diaphragm in the intermediate image plane. The diffraction pattern from this area is displayed by focussing the back focal objective plane onto the fluorescence screen. Lateral resolution in SAD cannot be improved to any extent by simply stopping down the size of the selected area. As a consequence of the spherical and chromatic aberrations of the objective lens and unavoidable focussing errors, the dark-field images, which are formed on the selector diaphragm by the diffracted beams, are slightly displaced with respect to each other and to the bright-field image. The terms "bright-field" and "dark-field" refer to images to which the forwardscattered ("primary") beam does or does not contribute, respectively. In modern transmission electron microscopes the smallest selectable area in SAD is in the range of 200 nm to 500 nm, as compared to 1/m to 1.5/m in older ones.
If the selected area is a single crystal, the diffraction pattern consists of bright regular spots ("spot pattern"). Since the sample must be rather thin to be transparent for electrons, the precision of measurement is reduced which results in an incorrect description of crystal orientation. Thus low-index orientations are emphasized so that real orientation distributions and particularly orientation relationships are obscured. In principle, angular accuracy of orientation may be improved from several degrees to about 0.5 if both position and intensity of the diffraction spots are taken into account ("method of intensity center"; (Laird et at., 1966) ).
Microbeam Diffraction in the Transmission Electron Microscope
With electron diffraction, unlike X-ray or neutron pole-figure measurements, it is possible to obtain information on a very localized region simply because the lens systems of the microscope allow the electron beam to be focussed to a small spot which defines the sampled area on the specimen. In modern TEM, particularly those equipped with a condenser-objective lens (e.g. PHILIPS EM 420/430 and CM series; JEOL FX series), the illuminated field can be made smaller at least by one order of magnitude than the smallest selectable region in SAD, and in addition the beam deflection coils can be used to move the spot onto the selected sample region (microbeam electron diffraction (MBD); "Feinstrahlbeugung" (Riecke, 1962) (Whelan, 1970; Reimer 1984 ) is required, while the geometry of Kikuchi lines can be well interpreted by a strongly simplified model (Kikuchi, 1928 (Reimer, 1984) (Davidson, 1984) . Since the patterns are collected from the top layer of the sample down to less than about 2/m beneath the surface, special care has to be taken in preparing a clean surface free from foreign deformations. A deep etch or electrolytic polish of soft materials is advisable. A bibliography on the observation of crystalline materials by use of diffraction effects in the SEM is given elsewhere (Joy and Newbury, 1977 (Venables and Harland, 1973; Reimer and Griin, 1986) either a photographic plate or a fluorescent transmission screen is placed parallel to the incident beam, right in front of the tilted sample. In the latter arrangement the pattern may be recorded by a TV camera or by photography through a The smallest detectable grain size corresponds to the slice of interaction volume cut away by the sample surface. Its shape is an elongated ellipse, due to the steep tilt of the specimen. Hence the diffracting volume is similar in diameter to lateral resolution in SEM micrography using backscattered electrons for imaging. With broad primary beams local resolution is approximately given by the spot size, whereas with fine beams the width of the probed slice lies between 0.2/m and 1.5/m, depending on the accelerating voltage and the average sample density.
Patterns from grains 0.2 #m wide have been reported (Dingley, 1984 (Coates, 1967; Brooker, 1970) (Brunner and Niedrig, 1979) .
Channeling and reflection Kikuchi patterns are geometrically equivalent (Reimer, 1984 (Schwarzer, 1989 (Figure 4 ) (Weiland and Schwarzer, 1985 Figure 4 The on-line acquisition of Kikuchi patterns with a TEM. In quantitative texture analysis the distribution of grain orientations is considered by number as well as by volume. The volume fraction and orientation of each grain is required. The surface and, making reasonable assumptions, the volume fraction of grains with a specific orientation can be determined simply by an additional stereological evaluation of the TEM or SEM image. To this end the grain-boundary coordinates may be acquired on-line, in a similar way as the data input is accomplished from diffraction patterns, by deflecting the TEM image with respect to a screen mark (Schwarzer and Weiland, 1987) or by following the grain boundary with the cursor on the SEM screen. Table 1 recapitulates the features of on-line electron diffraction techniques for grain-specific orientation analysis and related applications. Typical values for local and angular resolution are given.
REPRESENTATION OF INDIVIDUAL GRAIN ORIENTATIONS
Experimental results of individual grain-orientation measurements are usually represented statistically by plotting the orientations for two reference directions in the workpiece point by point on inverse pole-figures (Figure 6 ). With a sufficiently great number of measured grains the points cluster together and form clouds around preferred orientations.
For comparison of individual grain orientation with X-ray pole-figure measurements it is convenient to compute the series expansion of the orientation distribution function (ODF) (Bunge, 1969; Wagner 1969) . Figure 7 shows the ODF for 100 ferrite grains of a dual-phase steel sample obtained by individual grain orientation measurements (Schwarzer and Weiland, 1988) . The volume fractions have been considered. It is worth noting that pole-figure measurements with X-rays cannot distinguish between the texture components of the ferrite and martensite phases.
For an illustration of the insufficient accuracy of SAD orientation measurements, the ferrite grain orientations have been converted to hypothetic SAD orientations by rounding off each exact primary beam direction into the nearest integer direction, making the assumption that spots up to {410} were available for the interpretation of spot patterns. In spite of the fact that the SAD orientations differed less than 9 from the original Kikuchi orientations, the ODF is markedly changed (Figure 8 ). The conclusion reached is that orientation measurements 24 R. A. SCHWARZER (Plege, 1987; Bunge and Weiland, 1988 (Humphreys, 1983) and Clausthal (Schwarzer, 1983 (Schwarzer, , 1985 . (Schwarzer, 1985) :
-Circular scan of the diffraction patterns over a Faraday cup by a postspecimen deflection of the beam -Conical deflection of the primary beam in front of the specimen, and acquisition of intensity values from diffraction patterns or dark-field images using the Faraday cup or the fluorescent screen, respectively.
In both versions the specimen is tilted at small angular steps, Aft, along a preferred axis perpendicular to the primary beam direction (e.g. the rolling direction which is placed parallel with the goniometer axis) (Figure 9 ), while the electronic deflection may be done with the same angular increments or continuously. The angle of mechanical tilt, fl, and the deflection angle, t, define a (Schwarzer, 1989) . With the "analytical correction," allowance is made for the (Schwarzer, 1983 (Schwarzer, 1988) . Deformation bands show the usual crystallographic texture of titanium sheet known from X-ray measurements, whereas the texture of shear 
